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In a  study of proteinurias following the injection into rats of proteins that 
pass into the urine, it has been demonstrated (1) that two structural phases of 
absorption occur in the cells of the proximal convolution. The first is character- 
ized by the accumulation in the renal epithelium of the absorbed protein in 
diffuse form; no visible cytological alteration occurs other than its presence in 
the cytoplasm. A limit to this diffuse phase is noted: when the ability of the 
renal cells to handle the absorbed protein is exceeded, either by the quantitative 
or qualitative nature of the load, an accessory mechanism appears by which 
the cellular configuration is greatly altered. The mitochondrial rodlets of the 
absorbing cells dissolve, liberate their substance into the cytological pool, and 
in this milieu droplets form which by histochemical examination (2)  and by 
biochemical analysis of pure suspensions  (3),  are found to contain the mito- 
chondrial  components  in  approximately  the  same  concentrations  as  were 
originally present in the rodlets and the absorbed protein. The droplets also 
contain certain enzymes that were originally concentrated in the mitochondrial 
rodlets  (3,  4)  and it is presumably by the action of such catalysts that the 
protein is disposed of, for the droplets eventually disappear from the renal cells. 
In the kidney of the "normal" rat, i.e. one excreting only a moderate amount 
of protein, and in many human proteinurias, the large protein droplets which 
are  Gram-positive are  not seen presumably because  the  amount of tubular 
absorption does not exceed that represented by the early diffuse phase. It has 
been found, however (5),  that a fine stippling of Gram-positive material in the 
form of microdroplets can be demonstrated in the tubular epithelium of the 
proximal convolution of the normal rat. Since the administration of an excess 
of amino acids leads to an accumulation of definite droplets which are Gram- 
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positive, it has been suggested  (5)  that an analogous train of events, diffuse 
phase and droplet, occurs in absorption of amino acids by the renal tubule, for 
it is evident from physiological data that the constancy of the absorption of 
these bodies during renal activity approaches that of the filtration and absorp- 
tion of glucose. 
In a  biochemical study of the large protein absorption droplets Straus (3) 
has isolated from normal control animals minute droplets (0.5 to 1.5~ diameter) 
that have a  similar chemical constitution to the  larger protein droplets; the 
small amount of  his  purified preparation precluded an analysis for  possible 
amino acids. Histochemical methods are, however, available for both the NH~ 
group of these bodies and also for certain specific amino acids; and since the 
amino acid content of plasma and urine can be increased by the administration 
of specific acids, an attempt has been made in the present study to learn whether 
the fine droplets within the renal cells contain these bodies and hence are con- 
cerned with their absorption and metabolism. 
Materials and Methods 
White rats of both sexes, ranging from 250 to 300 gin. body weight, were fed a commercial 
stock diet to which certain amino acids were added in a concentration of about 3 per cent. 
After 6 days on this regimen, 5 to 10 cm. of a saturated solution of the amino acid was injected 
intraperitoneally, followed after a short interval by a priming intravenous dose of 2 to 4 cc. 
4 to 6 hours later the animal was killed and small pieces of kidney fixed in 10 per cent neutral 
formalin and in Giemsa solution.  The amino acids used were vL-tryptophane,  T.-histidine 
monohydrochloride, L-tyrosine, L-cystine, L-cysteine monohydrochloride, L-methionine, L- 
arginine monohydrochloride, L-glutamic add and L-alanine. 
For the demonstration of NH~ groups the Weiss-Psou-Seligman  method (6) was used on 
Giemsa-fixed material. In this procedure 2-hydroxy-3-naphthaldehyde reacts with terminal 
amino acids, if they  are in combined form, to produce Schiff bases (--N~CH). Sections 
were immersed in this solution (20 nag. in 20 cc. acetone plus 30 cc. 0.10 N barbital buffer at 
pH 8.5) for 1 hour at 40°C.; the sections were then washed in water and the addition product 
coupled with tetrazotized  diorthoanisidine (50 mg. in S0 cc. 0.1 ~ barbital buffer at pH 7.4) 
for 5 minutes to form a blue azo dye. 
The specific reaction  for  tryptophane,  tyrosine,  and histidine was  done according to 
Danielli's procedure (7) as described in a personal communication from Dr. L. G. E. Bell. 
The reaction is based on the combination of the aromatic amino acids with tetrazotized ben- 
zidine at pH 9.0 at 4°C. and a subsequent coupling of the free diazo group with a phenol. In 
detail the procedure was as follows: Sections were passed to distilled water, after freeing them 
of Hg in the usual manner, and placed for I5 minutes at 4°C. in freshly prepared tetrazotized 
benzidine. This was prepared as follows: to 3 cc. of a 2 per cent suspension of benzidine in 
2 N HC1 at 4  ° C. 8 drops of fresh cold 5 per cent sodium nitrate was added  and rapidly agi- 
tated for a few minutes. To this mixture 1 cc. of 5 per cent ammonium sulfamate and I0 cc. 
of cold saturated aqueous sodium carbonate was added. After effervescence ceased, water to 
S0 cc. was added to the dark yellow fluid. The sections were then washed in water and three 
changes of veronal-acetate buffer and placed in a saturated  solution of K  acid in veronal 
buffer at pH 9,2 for 15 minutes and then mounted after alcohols in balsam, 
Sulfhydryl groups were demonstrated by Barmett's method (8) of treating the sections 
with the reagent 2,2~-dihydroxy-6,6'-dinaphthyl disulfide and converting the colorless com- YIN CIKEN LEE  623 
pound to the azo dye by coupling with diorthoanisidine. Deparatfinized sections from forma- 
lin-fixed tissue were run down to water and incubated  at 50°C. in a solution containing 3S 
cc. 0.1 Michaelis barbital  (pH 8.S), 15 cc. absolute ethyl alcohol, and 25 rag. 2,2~-dihydroxy  - 
6,6t-dinaphthyl  disulfide. After cooling and washing in distilled water acidified to pH 4 with 
acetic acid the excess reagent was removed by passage through graded alcohols, rinsed in dis- 
tilled water and stained for 2 minutes in a freshly prepared  solution of 50 rag. tetrazotized 
diorthoanisidine in 50 cc. 0.1 Strenson's phosphate buffer at pH 7.4. The sections were then 
washed in running tap water, passed through alcohols and mounted in clafite. In order to re- 
store the SH groups from the oxidized or disulfide state in cystine, sections were treated pre- 
viously with 1 per cent solution of KCN for 12 hours or with a solution of Na2S before they 
were incubated for the staining of the SH groups. 
The Bsker-Sakaguchi  method  (9)  was  used for arginine.  Deparaffmized sections from 
Zenker-fixed tissue, after removal of the Hg, were run down to water and placed for 15 min- 
utes in a mixture of 2 cc. ! per cent NaOH to which 2 drops of a-naphthol (1 per cent in 70 
per cent alcohol) and 4 drops of hypochlorite solution (chlorox diluted  10 times) had been 
added. The slides were then placed in a 3 to 1 pyridine-chloroform mixture for 3 minutes and 
mounted in the same medium. The color fades in a few hours. 
In each case a choice was made between fixation in formalin and the mercurial  Giemsa 
solution. The latter interferes with the reaction for SH groups and the former with that for 
NH~; both fixatives preserve the droplets equally well for staining by the Gram procedure. 
RESULTS 
After the injection of each of the amino acids used fine Gram-positive droplets 
were present in the proximal convolution (Figs. 1 to 3). They were much smaller 
than the protein absorption droplets, measuring around 1# or less in diameter, 
and  were  confined  to  the  proximal  convolution.  They  showed,  however,  a 
different absorption gradient from that seen during the absorption of proteins 
(5) being most numerous in the first portion of the convolution and filling all 
but its termination  (Fig.  1). Although their minute diameter resulted in their 
being  more  or less  obscured  by  the  mitochondrial  apparatus  of the  tubular 
epithelium they also stained, as do the protein droplets, with iron-hematoxylin. 
Fig. 4 shows a  camera lucida tracing of a photographic montage of a  complete 
nephron,  with  inserts  showing  the  photographs  from various  portions  of its 
course. In these photographs it will be noted  that although  the cytoplasm of 
the cells of the ascending limb and distal  convolution is granular they do not 
contain the intensely staining fine droplets. 
Deparattinized  sections,  3  to  6/~  in  thickness,  were  stained  by  the  three 
methods.  As Pearse  (9)  states,  protein  in  cytological material  is  ubiquitous, 
and hence the protoplasm of the cells of the proximal convolutions in each case 
was  stained  an  appropriately  positive  hue.  The  droplets,  however,  when  re- 
acting positively, stood out as sharply outlined,  discrete,  particulate bodies of 
a  much deeper color and were therefore plainly visible even when the thinness 
of the section had reduced their number; when reacting negatively they were 
invisible.  The two fixatives required by the methods,  Giemsa for the NH2 and 
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somewhat different cytological pictures in tissues  from the same kidney. In 
Giemsa-fixed tissue the cells are swollen and the cytoplasm vacuolar, and on 
this  background  the  fine  droplets  are  irregularly scattered.  After formalin 
fixation the cells are more compact and the droplets are somewhat obscured 
by the denser cytoplasm. 
Although under normal physiological conditions there is a constant absorp- 
tion of amino acids from the tubule fluid, there are few, if any, droplets to be 
seen in the cytoplasm of the cells of the proximal convolutions of control rats 
in thin histological sections, even when they are stained with the Gram method 
which gives the maximum contrast of these structures with a negatively react- 
ing cytoplasm. In the normal control animals of the experiments  it was im- 
possible to distinguish them on the background of positively reacting cytoplasm, 
TABLE  I 
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* Sections stained directly according to Barmett's method showed blue droplets; after 
preliminary treatment with KCN and Na~S, a  dull pinkish lavender. 
when the sections were stained by the specific methods for amino acids. There- 
fore, no mention of controls appears  in our experimental  protocols,  since tis- 
sues from the series of animals injected with various acids and stained with 
specific procedures furnish the best of controls for the production of droplets by 
the experimental  procedure  and also for the specificity of the histochemical 
method. 
The results of the application of the three methods to the kidney tissue from 
animals receiving one or another of the seven amino acids is shown in Table I, 
and it is illustrated in Figs. 5 to 25. Figs. 26 to 28 illustrate the result of the 
application  of the specific Baker-Sakaguchi  method for argine. 
In general, the reactions obtained are those to be expected if the fine droplets 
contained the amino acid which had been injected into the animal; NH2 groups 
were found in the droplets of every rat. The SH reaction was obtained only in 
the droplets in the kidneys of animals that had been given the sulfur-containing 
amino acids (Figs. 16, 19, 22) and the droplets in the kidneys of animals which ~N Cm~.N LEE  625 
had received aromatic acids and arginine  were negative in this respect (Figs. 
7, 10, 13, and 25). The diffuse granularity of the protoplasm consequent on the 
Danielli procedure offered some obstacles to illustration (Fig. 24, arginine and 
Fig.  18, methionine)  because it might be mistaken for droplets in the mono- 
chromatic black and white reproductions. This confusion is less in the colored 
specimen,  for in it true droplets are intensely orange discrete particles that are 
clearly reproduced in Figs.  5, 9, and 12 of the aromatic amino acid series. 
A striking feature of the SH reaction is the strong positivity of the mito- 
chondrial  rodlets, a fact particularly evident in those cases in which no positive 
droplets were present (Figs.  7, 10, and 13). They are still  visible,  though con- 
siderably disarranged,  when positive droplets are present (Figs.  16, 19, and 22). 
The  Baker-Sakaguchi  method  for arginine  gave a  specific  reaction  in  the 
droplets of animals injected with this amino acid and was negative in the renal 
cells of those which had received the others (Figs.  27, 28). To show the photo- 
graphic density of the tissue alone,  Fig. 26 is an unstained section of the same 
block as Fig. 28. Fig. 27 is of a section from the same kidney as Figs. 14, 15, and 
15 in which the droplets appear positive to the NI-I2 and  SH  procedure and 
negative to Danielli's method. 
DISCUSSION 
Certain  difficulties  present  themselves in  an  attempt  to demonstrate,  by 
histochemical methods, amino acids in the droplets that form in the renal cells. 
The first of these is due to the ubiquity of proteins and their constituent N-con- 
taining components in all cell protoplasm. In the case of the tubular epithelium 
of the nephron  there is the added complication that  the cells are constantly 
involved in  the absorption and metabolism of these substances, in particular 
the amino acids derived by filtration from the blood plasma as a part of the 
daily physiological  life of the animal. To a great extent they are therefore be- 
yond the  control  of the investigator.  In  the experiments  here  reported,  an 
attempt to obviate these diffculties was made by the administration of priming 
doses, along with a preceding alimentary intake, so that the level of one amino 
acid might  be raised over the physiological  level of the others and hence be 
demonstrable in the renal cells by a specific method. The reasoning  behind this 
experimental procedure is obviously greatly oversimplified,  if the question of 
what may happen to an amino acid when it is introduced into the blood stream 
is raised,  or the metabolic complexities  are considered  that follow its entrance 
into  the renal  cells  in  which  such  intracellular  processes as transamination, 
decarboxylation, or incorporation into protein may modify its form. Firmer a 
priori ground for the experiments might be obtained by an analytic demonstra- 
tion of an increased concentration of the injected amino acid within the renal 
cells, or at least the cortical tissue; but apart from the technical diffculties in- 
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no way to avoid contamination  of either  cellular or cortical material  by the 
amino  acid content  of the surrounding  blood and  urine.  Justification  of the 
assumptions made by the experiments must therefore depend on the empirical 
result. 
Another  problem  is  whether  the  histochemieal  reactions  themselves  are 
rigorous in specificity. This question has already been extensively investigated 
not only by the originators of the methods but has been critically considered 
by the general cytologist (9). 
One source of confusion may arise in the interpretation of the findings of the 
experiments if a proper distinction is not made between the minute granularity 
of coagulated  cytoplasm,  resulting  from either  fixation  or  the  histochemical 
procedure itself, and the granularity due to the preexisting absorption droplets, 
the  reality  of which  can be demonstrated  in  unfixed living  cells  (5).  In  the 
cytological literature transitions are not infrequently implied, if not described, 
among  granular  protoplasm,  fine  granules,  "granulo-droplets,"  and  frank 
droplets, transitions  that are perhaps more interpretative  than  actual.  It will 
be observed in our figures that the droplets, though minute,  stand out with a 
characteristic  sharply  outlined  discreteness  that  distinguishes  them  in  most 
instances quite clearly from granularity  of the protoplasm  due to the  causes 
mentioned  above. The  one example  in which  some difficulty is encountered, 
and this is greatly exaggerated by the black and white limitations of the photo- 
graph,  is after the Danielli procedure.  In Fig.  18 (methionine),  for example, 
the cytoplasm appears so granular as to suggest the positive reaction of histi- 
dine, tryptophane, and tyrosine, particularly when it is compared with Fig. 15 
(cystine), Fig. 21 (cysteine), and Fig. 24 (arginine),  which are so clearly nega- 
tive. But the granularity  of Fig.  18 is quite different from the sharp cut fine 
droplets of Fig. 14 (cystine) which all have reacted positively to the NH~ pro- 
cedure. Yet in Fig. 15, a neighboring section from the same paraffin block, these 
same droplets have failed to react to the Danielli method and are barely visible. 
A presumptive, empirical answer to these difficulties, which at present would 
seem to be open to no practicable control,  is found in a  consideration of the 
positive and negative reactions  shown in adjacent  columns of Figs.  5  to  28, 
which form a  fairly extended series of permutations  of the  7 reactive amino 
acids and 3 presumably specific histochemical reactions. The close correlation 
of these results with  the  assumptions  of our hypothesis affords considerable 
support to the claim for specificity of the reactions, as well as for the assump- 
tion  that  the  experimental  procedure  successfully increased  the  intracellular 
concentration  of the  amino  acid used for test and  that  the droplets contain 
amino  acids in a  concentration  that  was high  as compared with  the  general 
cytoplasm of the cell. 
It would seem likely that a certain amount of an absorbed amino acid must 
be present in "free" form in the cytoplasm of a  cell that has absorbed it and 
concentrated it in droplet form. In all the procedures, as has been mentioned, YIN C~rEN LE~-  627 
the general  background color of the cytoplasm was faintly but appropriately 
positive. This was particularly evident in  sections in which arginine  reacted 
positively to the Baker-Sakaguchi method (Fig.  28); the intensity of its back- 
ground  color  (reddish-orange)  when  represented  in  photographic  black and 
white may be appreciated by comparison with Fig. 26, a contiguous unstained 
section from  the same block which  shows the  density of tissue alone.  The 
specificity of the reaction in the droplets is plain on a comparison with Fig. 27, 
when the method was applied to tissue from a cystine animal.  The non-reacting 
droplets are present,  though  barely discernible;  when stained  for sulfhydryl 
groups they are clearly evident from their positive reaction (Fig.  16). 
It is of interest to note the strong reaction for sulfhydryl groups of the mito- 
chondrial  rodlets in the epithelium of the proximal convolutions. The reaction 
is most apparent when these structures are not obscured by the presence of 
positive droplets (Figs.  7 and 10), hut is still  evident when a mixture of posi- 
tively reacting droplets and rodlets occurs (Figs.  19 and 22). Barrnett (8) has 
called attention to the strong reaction given by "the cytoplasm of the epithelium 
in the renal  cortex" and  notes  that  in  the  outer zone  of  the  medulla  "the 
epithelium of the straight portions of the proximal convoluted tubules.., was 
less  positive for thiols  than  that  of the  cortical  segments of  the nephron." 
These  earlier  observations are  therefore  confirmed  by our findings  that  the 
strong reaction is due in large part to the mitochondrial rodlets of the renal 
cells in the proximal convolution which,  as has been illustrated (reference 10, 
Plates I and II), show an evenly decreasing  gradient of concentration towards 
their medullary termination. 
As Barrnett states, many enzymes require sulfhydryl groups for their activity 
and  he  mentions  that  "granular  cytoplasmic  structures,  demonstrated  as 
containing thiols  in many cells may correspond in this location with those of 
the sulfhydryl-containing enzymes." In the case of the epithelium of the proxi- 
mal convolution it can now be added that the "granular cytoplasmic structures" 
are definitely mitochondria and that various enzymes have been demonstrated 
not only in them but also in the droplets that form during  the late phase of 
protein absorption (3, 4). As the metabolic disposal  of these droplets requires 
enzymatic activity the demonstration  that  they contain  thiol groups as well 
as enzymes is of some speculative interest. 
CONCLUSIONS 
1.  The cells of the proximal convolutions of the rat can be filled with fine 
droplets by the administration  of certain amino acids in non-toxic dosage. 
2.  These minute  droplets resemble in  their  Gram  positivity and  in  their 
phospholipid and PNA content on biochemical analysis (3) the larger droplets 
that  form in  the cells of the proximal  convolution during  the absorption of 
certain proteins. 
3.  The positive or negative reaction  to 3 specific histochemical  procedures 628  PROTEIN  METABOLISM IN  NEPHRON.  Ill 
of the fine droplets forming after administration of 7 amino acids gave such a 
high positive correlation with theoretical assumption as to warrant the follow- 
ing inferences: (a)  that the methods are specific under the conditions of the 
experiment; (b)  that the droplets contain a  higher concentration of the ad- 
ministered amino acid than the general cytoplasm of the cells which contain 
them. 
4.  The  mitochondrial rodlets  of  epithelium  of  the  proximal  convolution 
contain sulfhydryl in high concentration, a finding which correlates well with 
their enzymatic activity. 
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FIG.  1.  A  complete proximal  convolution  isolated  by microdissection from  the 
kidney of a rat on a glutamic acid regimen and stained by the Gram method. The 
considerable number of fine dust-like  microdroplets  is  impressive in its gradually 
fading gradient to the termination of the convolution in the outer medulla. Formalin 
fixation. X 73. 
FIG. 2. Appearance of the fine droplets in histological section when stained  with 
the Gram procedure. Proximal convolution from kidney of rat on cysteine regimen. 
Formalin fixation. (of. Figs. 20 to 22 from same animal.)  ×  866. 
FIG. 3. A similar preparation from kidney of rat on tryptophane regimen. Giemsa 
fixation. (of. Figs. 8 to 10 from same animal.)  X 866. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL.  99  PLATE 37 
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FIG. 4. A reduced camera lucida tracing (X 28) of a photographic montage (origi- 
nal magnification, 200X)  of a  complete nephron save for the long loop which has 
been omitted because requiring nearly 6 feet of space in the original montage. The 
complete proximal convolution is shown: the terminal portion of the ascending limb, 
the  complete  distal  convolution,  connecting  tubule,  and  origin  of  the  collecting 
tubule. The specimen was stained with iron-hematoxylin which stains mitochondrial 
rodlets and absorption droplets an intense black due to their phospholipid content. 
The physical shape of the rodlets suffers  somewhat from the acid of the maceration 
that  precedes  dissection,  but  they  persist  as  fine  linear  "granules;"  the  irregular 
sprinkling of black fine absorption droplets is evident, if somewhat obscured, among 
them. The distribution  of the droplets alone is shown by the stippling in the draw- 
ing;  the  inserts  show  the  original photographic prints  of characteristic  regions  re- 
duced from the original magnification of 200 to 94. 
For comparison a similar preparation of a normal rabbit nephron with the distribu- 
tion of its mitochondrial gradient can be found in reference 10, Plates I  and II. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL. 99  PLAT~ 38 
(Lee: Protein metabolism in nephron. Iii) PLAT~ 39 
Figs. 5 to 25  show the reaction, positive or negative, to three histochemical pro- 
cedures, of  sections of proximal convolutions after  injection of  seven amino acids. 
Each amino acid is represented in a vertical column and the same histochemical pro- 
cedure horizontally, the  NH2  reaction,  the  histidine-tryptophane-tyrosine reaction 
and the SH reaction respectively from above downwards. The tissue of each vertical 
column was procured from the same animal and that of the two upper photographs 
was fixed in Giemsa solution, the lowermost in l0 per cent formalin. 
Photographic  exposure  with  Wratten  green  filter  and  standard  development; 
prints on azo paper appropriate to the proper contrast and detail of the preparation. 
×  960. 
FIC, 5. Tissue from rat on histidine regimen, stained for NH~ groups. The tubular 
epithelium was filled with densely crowded,  deep blue, fine droplets which here appear 
in irregular blotches. Giemsa fixation. 
FIG. 6.  Tissue from  the  same kidney stained by the  Danielli procedure.  Cross- 
sections of  convolution showing epithelial cells  filled  with minute droplets.  These 
were of an intense orange-red. Giemsa fixation. 
FIG. 7. The same tissue stained for SH groups. No droplets are seen as they have 
not reacted to the procedure. The cytoplasm of the cell was a light lavender-mauve 
and the mitochondrial rodlets had reacted  strongly, being of  a  deep lavender-blue 
color. Formalin fixation. 
FIGS. 8 to  10. A similar series  from the kidney of a  rat on the tryptophane regi- 
men.  The  peppering  with  fine  discrete  droplets  reacting  positively  to  the  NH2 
(Fig. 8) and to the Danielli tyrosine-tryptophane-histidine  procedure (Fig. 9) is even 
more clearly shown. In Fig.  10,  the completely negative reaction to  SH groups of 
the  droplets is evident and, as  in the histidine animal, the  strong reaction of  the 
mitochondrial rodlets, which are sharply visible. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 99  PLATE  39 
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FIGS. 11  to  13.  A similar series  from the kidney of a  rat on a  tyrosine regimen. 
The results are essentially like those of the preceding two series;  fine dust-like blue 
droplets as result of the NH2 and of orange-red tyrosine-tryptophane-histidine  reac- 
tions; none in consequence of  the  SH procedure.  For unknown reasons, probably 
"technical," the rodlets are not so sharply differentiated by the SH procedure as in 
Figs. 7 and 10. 
FIGS. 14 to 16. A similar series from the kidney of a rat on a cystine regimen. The 
NH~ reaction is strongly positive in many minute droplets whereas with the histidine- 
tryptophane-tyrosine Danielli procedure  they  are  negative and  therefore  invisible. 
It might be emphasized that  the  two  sections were  from  the  same paraffin block. 
The reaction for SH groups resulted in many deeply colored  stained droplets  (Fig. 
16). They were lavender. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 99  PLATE  40 
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FIGS.  17  to  19.  Series from kidney of rat on a  methionine regimen. The NH2  re- 
action yielded many fine, positive droplets (of deep blue color). The reaction to the 
Danielli procedure gives in the photograph a  somewhat anomalous effect as the nor- 
mally  moderately  positive  (orange-red)  cytoplasm  shows  a  granular  appearance 
which  was  definitely not  due,  on  microscopic observation,  to  the  sharply outlined 
droplets  of  the  previous  figures.  The  reaction  for  SH  groups  yielded  masses  of 
strongly reacting minute  droplets  (of  lavender-blue), and  in  the  right  wall of  the 
tubule a stretch of strongly reacting mitochondrial rodlets is seen. 
FIGs. 20  to 22.  A series from the kidney of a  rat on a cysteine regimen. The NH~ 
reaction  is  evident in  a  myriad of  droplets which  were  negative  in  the  histidine- 
tryptophane-tyrosine  preparation  and  hence  practically  invisible.  Among  the 
strongly  reacting  mitochondrial rodlets  of  the  SH  preparation  are  somewhat  ob- 
scured clumps of coalesced positive droplets. THE IOURNAL OF EXPERIMENTAL MEDICINE VOL. 99  PLATE 41 
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FIGS. 23  to 25.  A  similar series from the kidney of a  rat on an arginine regimen. 
The  NH~  reaction is strongly positive in many droplets. Though  the cytoplasm is 
granular (preexisting aromatic amino acids?) in Fig. 24, no discrete fine droplets are 
evident. The  SH  group  reaction is negative for  droplets:  the  rodlets  though  defi- 
nitely positive are not so clearly evident as in the preceding preparations. 
FIGS. 26 to 28. Reactions of sections from the same block as the preceding (except 
in the case of Fig. 27)  to the specific Baker-Sakaguchi reaction for arginine. Fig. 26 
is an untreated section to show the photographic density of the tissue as such.  Fig. 
27, from the same block as Fig. 16 (cystine), shows the findings with the specific pro- 
cedure for arginine. The droplets so strongly positive to  the SH reaction (Fig.  16) 
are now  negatively reacting and  barely perceptible (arrow).  In  Fig.  28  the  strong 
reaction of the fine arginine droplets is somewhat obscured by the deep tone (reddish 
orange) of the general cytoplasm of the cells. In all the histochemical reactions this 
evidence  of  a  certain  concentration  of  "free"  amino  acids  in  the  cytoplasm was 
present; when  the reacting color was orange or red (Danielli, Baker-Sakaguchi) the 
photographic procedure therefore tended to obscure the fine droplets. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  99  PLATE  42 
(Lee: Protein metabolism in nephron. IID 